
REPLY TO 
ATTN OF: 



GP 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 


October 15, 1970 


TO: USl/Scientif ic & Technical Information Division 

Attention: Miss Winnie M. Morgan 

PROM: GP/Office of Assistant General 

Counsel for Patent Matters 

SUBJECT: Announcement of NASA-Owned 

U.S. Patents in STAR 


In accordance with the procedures contained in the Code GP 
to Code USI memorandum on this subject, dated June 8, 1970, 
the attached NASA-owned U.S. patent is being forwarded for 
abstracting and announcement in NASA STAR. 

The following information is provided: 


U.S. Patent No. : 

Corporate Source : 

Supplementary 
Corporate Source : 

NASA Patent Case No.: 



3.270.441 

Langley Research Center 


XLA-017 87 


Gayle Parker 

Enclosure : 

Copy of Patent 



NASA-HQ 


/ 


CoSJT/ /VS 




Sept. 6, 1966 D . E. hewes etal 3,270,441 

REDUCED GRAVITY SIMULATOR 

Filed Aug. 26, 1963 4 Sheets-Sheet 3 


FIG. 2 


FIG. 3 


1WEXTORS 
DONALD E. HEWES 
AMOS A. SPADY, JR. 





j2cq£-.' 

^ ATTORNEYS 





•#% m 

6 Mi 


3,270,441 

REDUCED GRAVITY SMULATOR 
Donald E. Hewes, Newport News, and Amos A. 

Spadj-, Jr., Hampton, Va., assignors to the United. Stales 

of America as represented by the Administrator of the 5 

National Aeronautics and Space Administration 
Filed Aug. 26, 1963, Scr. No. 304,749 
14 Claims. (CL 35— 29) 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

This invention relates generally to a reduced gravity 
simulator system,, and more particularly to a practical jg 
system for simulating reduced and zero-gravitational 
fields, such as will be encountered in Space stations and 
various celestial bodies, for determining the effects on 
the self-locomotive capabilities of man when subjected 
to a gravitational field less than that of the Earth for a 20 
sustained period of time; 

One of the primary unknowns of future space explora- 
tion is believed to be the effect of sustained zero gravity 
or weightlessness experienced by the explorers during 
orbital flight about the Earth and in certain phases of 25 
interplanetary travel. In addition, the knowledge that 
the Moon has a reduced gravitational field equal approxi- 
mately one-sixth to that of the Earth, and the knowledge, 
that reduced gravity, as well as zero gravity or weight-, 
less conditions, for sustained periods of time will be ex- 30 
perienced by explorers during space exploration, creates- 
a definite need for a suitable reduced gravity simulation 
technique for studies on Earth of man’s ability to per- 
form needed self-locomotive tasks during interplanetary 
exploration. Lack of a suitable device for simulating 35 
the lunar gravity is considered to be a major cause of 
the current lack of information on the ability of the pro- 
posed lunar explorers to perform various self-locomotive 
tasks such as walking, running, and jumping. 

Upon the successful completion of “the presently planned 40 
initial lunar landing, it is expected that the astronauts 
will leave their vehicle to make scientific measurements, 

<o explore the lunar features, such as known craters and 
possible caves, to inspect their vehicle, and to prepare it 
_ for the return trip to Earth. It is also anticipated that 45 
subsequent missions will require astronauts to' erect lunar 
bases with permanent housing facilities for future ex- 
plorers. Because the 3un.ar environment is considerably 
different from that of Earth, the explorers will have to ad- 
just their accustomed methods of self-locomotion to that 50 
of the lunar gravitational environment in order to accom- 
plish the mission objectives. 

In addition to the tow gravitational field of the lunar 
surface, another condition which may present problems 
in self-locortfotion on the lunar surface is the require- 68 
men! of wearing space sorts wnenever venturing out of 
the spacecraft or lunar base due to the lack' of an atmos- 
phere and the need- for protection from lunar tempera- 
tures and possible m icromcitor and solar radiation show- 
ers. r he presently available types of space suits that. will 
provide this required protection are-quite bulky and cum- 
bersome and obviously impose some limitation on the 
self-locomotion capabilities of the explorers under Earth 
gravity. Thus, the need also exits for a system whereby 
the seif-locomotive ability of future itPerplanetary space 
suit attired explorers can be observed under sustained re- 
duced gravitational conditions. 

Based on these needs, the present invention of a new 
type reduced gravitational simulation system and tech- 
nique has been developed. As a result of the present 
invention, it can now be predicted that when man arrives 
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on the Moon, he not only will definitely be able to walk 
and run on the -Moon's surface and be able to jump ver- 
tical distances of 12 to 14 feet without sustaining injury 
in falls from these distances, be also will have little dif- 
ficulty m climbing slopes, stairs, ladders and the like, 
as well as having little difficulty in performing other man- 
ual tasks while unencumbered with a space suit. Addi- 
tional tests can be made to establish his capabilities while 
wearing various types of space suits. 

Previous techniques used to simulate reduced and zero- 
gravitational conditions include water immersion of the 
test subject where the buoyant forces of the water op- 
pose the gravitational force to produce an approximate 
condition of weightlessness. This technique has the ob- 
vious disadvantages of requiring special underwater 
breathing equipment, being limited to only a very ap- 
proximate simulation of weightlessness, and of produc- 
ing extraneous forces on the subject due to the undesir- 
able irass and viscous effects of the water, that restrict 
the movement of the test subject. 

Another simulation of weightlessness has been by the 
use of an airplane flying a Kepierian ballistic trajectory 
or a slightly modified one to produce centrifugal forces 
which directly oppose gravitational force and thereby 
produce any desired condition of weightlessness or near 
weightlessness. This technique has the disadvantages of 
producing the desired test condition for only a short pe- 
riod of time, and of providing a very limited space in 
which the subject can move. In addition, an airplane 
flying this trajectory is subject to disturbing forces, due 
to atmospheric turbulence and during the entry and ter- 
minal maneuvers to the trajectory, as well as being rel- 
atively expensive, in time and money, to operate. 

The most recent studies of weightlessness and zero- 
gravitational effects on a test subject in this country have 
been observed during the orbital flights of the Mercury 
capsule. Although this expensive study has provided 
invaluable information as to the effect of zero-gravita- 
tional conditions or weightlessness on an astronaut for 
a reasonable period of time, it nevertheless has been im- 
possible under this program to observe or test the self- 
locomotive capabilities of the astronaut due to the lim- 
ited passenger compartment size in the Mercury capsule. 
In addition, tests under fractional gravitation conditions 
obviously could not be conducted under this program. 

An additional system embodying a vertical cable sus- 
pension wherein the test subject is partially supported 
by a cable or series of overhead cables which produce 
vertical forces opposing the gravitational force to produce 
any desired condition of weightlessness or near weightless- 
ness has also been employed in some test procedures. 
This technique has the obvious disadvantages of applying 
the opposing force at only limited points on the body 
so that some external members of the body ate" not sub- 
jected. to the simulated' gravity condi .ions, of requiring 
a somewhat complicated mechanical setup to accom- 
modate the space requirements for the subject’s move- 
ments, and of limiting the number of lasts that can be 
performed due to the interference of the overhead cables. 
The limitations of these prior simulation techniques has 
led to the development of the present invention which 
minimizes the disadvantages ot uie prior art Simulation 
techniques while utilizing the advantageous features 
therein. 

Accordingly, it is an object of the present invention 
to provide a new and improved reduced gravitational 
simulator for a test subject capable of operation for 
indefinite periods of time. 

Another object of the instant invention is the provi- 
sion of a new and improved reduced gravity simulator 
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capable of accurately simulating gravitational fields less 
than that of the Earth. 

A further object of the present invention is the provi- 
sion of a reduced gravity simulator for testing the self- 
maneuverability of a test subject under reduced gravity- 5 
tional conditions. 

Still another object of the instant invention is a novel 
method of simulating gravitational fields less than. that 
of the Earth for testing the locomotion capabilities of a 
test subject when wearing space suits or like equipment, jg 

Another object of the present invention is a method of 
simulating the lunar gravitational field. on a test subject 
on Earth by effectively canceling five-sixths of the Earth’s' 
gravitational force acting on '.he test subject. 

An additional object of the present invention is a 35 
reduced gravity simulator providing essential)} unlimited 
duration of the test condition with adequate s-pace for 
test subject movement. 

According to the present invention, the foregoing and 
other objects are attained by providing a system for sup- 20 
porting the individual external body members or groups 
of members of a test subject with apparatus which permits 
movement of each body member in only one plane, that 
is, the plane parallel to the body’s plane of symmetry, 
and then- inclining the- test subject with respect to the 25 
vertical gravity vector so that the component of the 
gravity vector in the plane of movement is equal to the 
desired magnitude of the simulated reduced gravity. The 
-basis for this technique is the observation that most 
of man’s self-locomotive tests are performed with the 30 
body members moving in essentially parallel planes and 
the physical principle that the motion of a body moving 
along a plane inclined to the local gravity is affected by 
only the component cf the gravity dined with the plane. 

Thus, in the present invention a cable suspension 35 
system in which the test subject is supported by a series 
of body connections located at the head, upper torso, the 
buttocks, the calf of each leg and, when desired, each 
forearm just below the elbow, is employed to support 
the test subject at a desired inclination. The body sup- 40 
ports, in turn, are suspended from an overhead trolley 
unit by a series of cables and a lightweight crossbar. 

The function of the crosso. . support the several 

cables so that the subject can move the individual body 
members freely -with respect to each other. The trolley .. 
unit is conveniently mounted on, a stationary overhead' 
monorail track which runs parallel to an inclined walk- 
way used to simulate the surface of the body exhibiting 
a reduced gravitational field, such for example, the sur- 
face of ihe Moon or the floor of a rotating space station, ^g 
The trolley unit is thus movable along the moiiorail by 
any conventional means in such manner .that the cable 
system remains directly over the test subject as he moves 
along the walkway so as to eliminate the drag of the 
trolley unit on the subject. 55 

Inclination of the test subject and consequently the 
magnitude of the reduced gravitational force simulated, 
is determined by' the displacement of the walkway from 
directly beneath the trolley unit. The condition of zero 
gravity would be simulated if the subject is horizontal GO 
to Earth and the walkway is vertical and exactly beneath 
the trolley unit. This zero gravity condition would be 
due to absolute support of the test subject by the cable 
system. To produce the equivalent of the lunar gravity, 
or one-sixth G, an angle of about 80.5 degrees from the 85 
vertical is required ’for the inclined test subject, as will 
be further explained hereinafter. 

A more complete appreciation of ihe invention and 
many of the attendant advantages thereof will be readily 
apparent as the same becomes better understood by 70 
reference to the following detailed description when con- 
sidered in connection with the accompanying drawings 
wherein: 

FIG. 1 is a schematic representation of the reduced 
gravity simulator according to the present invention em- 75 
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ploying a cable support system and inclined walkway for 
the test subject. 

FIG. 2 is a perspective view Gf a test subject illustrating 
the slings and individual supports for individual body 
components when suspended in the cable suspension re- 
duced gravity simulator as shown in FIG. 1. 

FIG. 3 is another view of test subject illustrating 
specialized supports for individual body components. 

FIG. 4 is a schematic representation of the geometric' 
relationships for the cable suspension system of the re- 
duced gravity simulator according to ths present inven- 
tion. 

FIG. 5 is a graphic representation of cable angle and 
walkway displacement required for different gravity ratios 
and varying cable lengths. 

FiG. 6 is a graphic representation of the affect an in- 
creasing cable length has on the gravity gradient for vari- 
ous gravity ratios. 

Referring now more particularly to the drawings, where- 
in like reference numerals designate identical parts 
throughout the several views, and more particularly to 
FIG. 1, there is shown a reduced gravity simulator 10 
employing a cable suspension system generally designated 
by the reference numeral 11. Cable suspension system 
ll is in connection at one end to a movable trolley unit 
25 with the other end of the cable suspension system lead- 
ing to a plurality of body harness support members, gen- 
erally designated by reference numeral 35, for supporting 
a test subject 13. A walkway structure 45 is provided 
along a plane parallel with and angularly displaced with 
respect to a vertical plane passing through the plane of 
movement of trolley unit 25. Walkway- structure 45 is 
provided with an inclined walkway surface 46 for test 
subject 13 to traverse, as will be further explained herein- 
after. 

Trolley 25 is disposed on a monorail track 27 and is 
adapted to move along track 25 by any conventional 
means, such for example under the influence of a sepa- 
rate operator 31, or, through the use of conventional 
servo-mechanism, as test subject 13 executes movement 
in a plane along inclined walkway surface 46. Track 
27 is fixedly attached in conventional manner to fixed 
accessible overhead structure 28 in such manner as to 
permit unimpeded movement of trolley 25 thereon. 

Cable suspension system 11 includes primary support 
cable 12 connected at opposite ends thereof to opposite 
ends of trolley 25 and connected intermediate the ends, 
thereof to an eye 15 secured to a yoke 17. The opposite 
ends of yoke 17 are attached in conventional manner to 
a lightweight crossbar 19. A plurality of secondary sus- 
pension cables, generally designated by reference numeral 
21, extend from crossbar 19 and are connected in a con- 
ventional manner to harness-type individual body sup- 
ports 35. 

Referring now to FIG. 2 and FIG. 3, among the indi- 
vidual body supports to which secondary suspension cables 
21 lead, is a protective helmet 36 strapped beneath the 
chin of test subject 13 for protection and support of the 
head. It is apparent that helmet 36 will bear against one 
side of the head of test subject 13 in such manner as to 
require the use of adequate conventional shock absorb- 
ing material, such for example, a heavy foam rubber liner. 

Torso support of test subject 13 is provided by a chest 
sling 37 positioned beneath the armpit of the test subject, 
and a blp sling 38 passing essentially around the hip. and 
buttocks of subject 13. The ends of sling 37 are secured 
in a conventional manner to a pair of lightweight rods, one 
of which is shown in FIG. 2 and designated by reference 
numeral 39, and the other of which is designated by ref- 
erence numeral 41 and illustrated in FIG. 3. Rods 39 
and 41 serve to attach sling 37 to secondary suspension 
cables 21. Hip sling 38 Is also provided with a pair of 
rods 42 and 43 as shown in FIGS. 2 and 3, respectively, 
to connect hip sling 38 to the secondary suspension cables 
21 . 
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As is apparent from FIGS. 2 and 3, the invention as 
described is designed for test subject 13 to be positioned 
in the reduced gravity simulator with the left side of the 
body thereof adjacent the Earth’s surface, although it is 
apparent that the system could obviously be designed in 
such a manner that the positions of the extremities of the 
test subject could be reversed; 

Still referring to FIG, 2, the lowermost or left arm of 
test subject 13 is supported by arm sling 47 which is con- 
nected to secondary suspension cables 21 in a conventional 
manner. Also secured io* secondary suspension cables 21 
is a hand grasp rod 59 positioned in such manner as to 
be readily grasped by the uppermost or right hand of test 
subject 13 to provide selective support for this arm when 
desired during the test phase of the reduced gravity simu- 
lator system. As shown in FIG. 1, arm sling 60 may be 
employed for the right arm of test subject 13 in lieu of 
rod 59 when so desired.. 

. The uppermost or right leg of test subject 13 is sup- 
ported by secondary suspension cables 21 in a like manner 
by leg sling 49. Referring now more particularly to FIG. 
3, the support for the left or lowermost leg of test subject 
13 is provided by rod S5 and its attached strap 53. Strap 
53 is tightly laced or otherwise conventionally secured 
about the calf of test subject 13. Rod 55 is angularly 
bent to pass behind test subject 13 to avoid obstructing 
test subject movement while also bent to permit attach- 
ment to secondary suspension cables 21 at a point directly 
above strap 53. 
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mum running speed of twenty leet-per-second, the mini- 
mum distance to undergo an adequate running test tvould 
be about one hundred and fifty feel for walkway struc- 
ture 45 and track 27. 

The lengths of the various cables 12, 17, and 21 are 
adjusted so that test subject 13 can stand with a normal, 
erect posture on inclined walkway surface 46. The use 
of the multiple cables 21 permit body members to move 
freely in essentially parallel planes as mentioned herein- 
before. Cables 12 and 21 are made as long as it is pos- 
sible to design the system to minimize the slight out-of- 
plane movement that is generated as the cables pivot 
about the fixed attachment points thereof at cross-bar 
19. The trolley 25 on track 27 permits the whole sus- 
pension system to be moved by test operator -31, or other 
mechanism, so that the cables remain essentially directly 
overhead as the test subject moves back and forth along 
. walkway surface 46 to thereby eliminate any fore and 
aft drag on the subject. 

Inclination of test subject 13, as mentioned herein- 
before, is facilitated by displacing walkway structure 45 
angularly with respect to a vertical plane passing through 
the parallel track 27. The required distance for this dis- 
placement may be calibrated as a function of the magni- 
tude of the simulated gravity in terms of the gravity ratio, 
i.e„ the ratio of simulated gravity "g” to Earth gravity 
“G” for different suspension cable lengths. In addition, 
as illustrated in FIG. 6, the gravity- gradient in terms of 
change of gravity ratio per foot elevation varies with the 


The individual slings and straps making up harness 30 length of the suspension cable system 11. This gradient. 


structure 35 may be formed of any conventional high ten- 
sile strength material, such for example canvas, of the 
like, and the individual cables may be of any conventional 
small diameter high tensile strength material. 

As is apparent from the above description, test subject 
13 when suspended as described is free to walk, run, jump, 
crawl as well as catch cr lift loads of various size, shape 
or bulk that may be positioned in hi*, .path of movement 
along walkway surface 46. In handling these loads, for 
example, the loads could be suspended from the same 
trolley unit 25 or an additional unit by another cable 
system so as to be subjected to the same gravity condi- 
tion as test subject 13. Walkway surface 46 also may be 
equipped with ladders, slopes or any other simulated lunar 
or other surface or space station features, not shown, in 
addition to or in lieu of stairs 61, for individual special- 
ized tests for test subject 13, when so desired. As is also 
apparent from the above description, harness structure 
35 is not required to be of specific dimensions for differ- 
ent size test subjects and due to the simplicity of construc- 
tion thereof the system is readily adaptable for use by 
various size individuals alone, as well as when equipped 
with space suits, rocket jump packs or other pieces of 
equipment to evaluate their performance for effectiveness, 
within the teachings of the present invention. 

Referring now back to FIG. 1, the practical limits 
for the horizontal distance to be covered by walkway 
structure 45 and track 27 are indicated only by the practi- 
cal conditions such as the size of the available room or 
facility for carrying out the test. It is apparent, how- 
ever, that the vertical distance a person is capable of 
reacting in a jump on the Moon may be assumed to be 
equal to the ratio of the Earth gravity to lunar gravity, 
times the distance the subject is able to reach on the 
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which is experienced by the test subject 13 as he leaps 
from walkway surface 46 or changes his apparent eleva- 
tion by climbing steps 61 or the like, is produced by the 
changing angle of the suspension cable system 11 whose 
attachment point is fixed, in the one direction by trolley 
25. Thus, by using cable lengths of fifty feet or greater, 
the gradient can be effectively minimized. 

The variables to be considered when determining walk- 
way displacement and gravity gradients for a particular 
system are illustrated in FIG. 4, wherein it is evident that 
the inclination angle B between the suspension cable and 
the vertical required to produce a given simulated gravity 
acting on the test subject standing on walkway 45 is given 
by the following equation: 

g=G sin e 


6 — sill" 1 


00 


(£)- 


-sin -1 N 


( 1 ) 

when N is the ratio of the desired simulated gravity "g" 
to the Earth gravity “G.” From this expression, it is 
readily apparent that a one-sixth Earth gravity, or lunar 
gravity, would be obtained when 6 is 9.5 degrees to there- 
55 by position test subject 80.5 degrees to the vertical of the 
Earth gravity vector. The displacement “h 0 ” of the 
walkway, measured parallel to the floor required, to pro- 
duce the necessary' cable angle, is given by the following 
equation: 

oa 


h 0 =L sin e—h cos 6 


( 2 ) 


where T is the suspension cable length taken from the 
upper cable attachment point to the test subject’s center 
of gravity and “h" is the distance between the subject’s 


Earth gravity. Tests have shown that a person Is capable 65 center of gravity and soles of his feet. For purposes of 


of jumping an average of about 20 to 22 inches from 
his standing position on Earth, consequently provisions 
must be made in the. simulation equipment for at least 
six times this vertical distance, or at least ten to twelve 
feet. Additionally, walking or running being the primary 70 
test to be undertaken in this simulator, horizontal dis- 
tances of several hundred feet for walkway structure 45 
and track 27 are desirable to permit adequate time for 
the test subject to accelerate to a running pace and to 
decelerate to a standstill. Based on the assumed maxi- 75 


illustration, the value of "ft" may be taken to be equal to 
3.5 feet. Combining Equations 1 and 2, the equation for 

“ h " in terms of N is: 

hc=t,N—k cos (sin -1 N) (3) 

Curves showing the variations of $ and “ft 0 ” with the 
gravity ratio N as expressed by’ these equations are illus- 
trated in FIG. 5. 

Referring how back to FIG. 4, the gravity component 
"g" acting on the test subject is seen to increase by ah 
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amount Ag as the subject is displaced from- the walkway 
by an amount Ah during a jump or while climbing steps 
61, or the like, due to the change AO in the cable' angle, 
according to the following relationship: 

(g+Ag)=G sin (tf+Atf) , (4) 

where the value of AO is found as follows: 

= sin" 1 0J) 

or .. ; • . ' ■ ■ ' 

. A/1 A h 

sm A e= T ( , 5) 

The value of A g is obtained by subtracting Equation 1 
from Equation 5: 

Ag=G [sin (fl-)-A0— sin 0] 

or 

A0=G [sin 6 cos A0-fsin AO cos 0 — sin (?] (6) 

If it is assumed that AO is small, then sin A 0=0 and, cos 
AB~\ and Equations 5 and 6 can be combined and simpli- 
fied to yield the following: 

Ag=G-y~ cos 0 

Jj 

or 

A N cos 0 

Ah~ L (7) 

where 

A.V=f 

Curves showing the variation of the gravity of the gradient 
factor with cable length for different values of the gravity 
ratio N are shown in FIG. 6. As is apparent from FIG. 
6, the gravity gradient factor is minimized when the cable 
length is at a maximum with lengths of at least fifty feet 
being desirable. 

Corrections for jumping heights 

Inasmuch as a cable suspension system of the present 
invention produces an increase in the simulated gravity as 
the height of the test subject above walkway 45 is in- 
creased, it is necessary to apply corrections to the meas- 
ured jumping heights obtained by the test subject in order 
to determine the actual heights that would be obtained 
under conditions of constant- acceleration. Equations for 
applying these corrections are readily available, as is ap- 
parent to those skilled in the art. 

Average maximum heights of 8 to 9 feet were attained 
by different test subjects when jumping from walkway 45 
in the presently described reduced gravity simulator. Ap- 
plication of height corrections to account for the gravity 
gradient produced by the lest apparatus showed that 
heights of 12 to 14 feet could thus be achieved under con- 
ditions of constant lunar gravity. These maximum heights 
would be expected to vary when the test subject is at- 
tired in a bulky space suit. In addition, the individual 
test subjects observed in the reduced gravity simulator de- 
scribed the sensation of walking and running along walk- 
way surface 46 as comparable to that of trying to -run or 
walk on a highly polished floor or ice. This observation 
indicates that the use of high friction producing sole ma- 
terial for the footwear of lunar explorers would probably 
be essential since the low foot traction would be recog- 
nized as a safety hazard making it difficult for the ex- 
plorer to shift his position rapidly to avoid being struck 
by moving or falling objects or to gain suie footing or 
hand holds while in a precarious position. 

A.nother interesting observation noted by each test sub- 
ject when attempting to walk up steps 61 (FIG. 1) to 
landing 62 revealed that, although there .was no serious 
problem in climbing the stairs under the .condition of lunar 


ft 

gravity, it was far simpler and. required less concentra- 
tion, merely to jump from the walkway surface 46 to 
landing 62, a vertical distance of about four feet. This 
test suggests the possibility that the normally accepted 
g riser and tread dimensions for stairways should be altered 
for use in the design of lunar base housing. 

Jt is thus seen-that the present invention utilizing various 
and inexpensive cable suspension equipment for. the in- 
clined plane technique of reduced gravity simulation is 
jq a practical and useful apparatus for familiarizing lunar 
mission peYsjshnei with theft- capabilities and sensations 
While under the influence of lunar gravity. Since this 
system can provide essentially unlimited, duration of the 
testing period and is adequate for performing most of the 
15 modes of self-locomotion, the evaluation of the various 
forms of man’s self-locomotion including the range in 
duration limits of man’s walking and running on the lunar 
surface, as well as his ability to carry various amounts 
of equipment or loads car adequately be predicted and 
20 observed prior to undertaking of the actual lunar mission. 
Also, it is obvious that this system may be employed as- 
an aid in design and development of practical space suits 
for lunar exploration as well as in the design and develop- 
ment of lunar base housing and space station features, 

25 Obviously, many modifications and variations of the 
above invention are possible in tin "ght of the above 
teachings. For example, the test subject could be sup- 
ported by an articulated support fjame which is pro- 
vided with air bearing feet so that (lie frame could slide 
30 freely over the floor of a special room. Ibis special 
room could then be tilted so that the floor is inclined to 
the desired angle with one wall thereof being painted to 
represent the walking surface. The floor of this room 
could be covered with a mirrored surface so as to give 
So an illusion of standing in the middle of the walking sur- 
face, the subject’s reflected image not being seen by the 
subject because of his restricted field of vision. Thus, by 
tilting this specially equipped room at an angle of 9.5 
degrees, the test subject could be positioned S0.5 degrees 
40 to the vertical and simulation of the lunar gravity would 
be achieved for the individual test subject.. An addition- 
al embodiment or modification of the present invention 
would be the use of a cable. suspension system but with- 
out the trolley and track system described herein. In this 
45 modification the cable system would be attached to a 
fixed overhead suspension point through a suitable unit 
so that the cable could rotate at the attachment point and 
a circular inclined walkway being employed in lieu of 
walkway structure 45. The radius of the circular walk- 
50 way for a given cable length in this modification would 
obviously determine the. magnitude cf the simulated grav- 
ity, with maximum cable length minimizing the problems 
caused by the curvature of the walkway. Also another ap- 
parent modification in each of the above described ar- 
gg rangements would be the substitution, or addition of, a 
treadmill device for the fixed walkway in each arrange- 
ment. 

In addition to the uses described herein for the present 
invention, it will be readily apparent to those skilled in 
gO the art that this invention could find obvious utility in 
design and study of landing gears and locomotive devices 
for lunar vehicles and other spacecraft, and could possibly 
find commercial utility as an amusement device for recrea- 
tion and in amusement parks, 

05 In view of these and other obvious modifications and 
variations apparent to those skilled in the art, it is to be 
understood that within the scope of the appended claims 
the invention described herein rnay be practiced other- 
wise than as specifically claimed herein. 

70 What is .claimed as new and. desired to be secured by 
Letters Patent of the United States is: 

1. An apparatus for simulating a reduced gravity con- 
dition for a test, subject, comprising: an inclined walk- 
way of predetermined length, a track parallel to and 
75 positioned' angularly a distance above said walkway, a 



3,270,441 


IroHcy movable along sakt track, n cable system extend- 
ing. from surd trolley, said cable system including, 
a primary cable extending from said trolley, 
a lightweight crossbar connected to said primary 
cable, 

a plurality of secondary cables connected to and ex- 
4 tending from said crossbar, support means for the 
test subject connected to said cable system, 
said support means including a plurality of individual 
body engaging supports for various portions of the 
lest subject’s body with each individual member 
thereof being secured to individual members of said 
secondary cables, and said support means being so 
constructed and arranged as to permit planar self- 
locomotive movement of the test subject along said 
inclined walkway. to thereby lest his actions and re- 
actions to reduced gravity conditions. 

2. Apparatus for simulating a reduced gravity con- 
dition for a test subject comprising: 

a horizontal track positioned on a fixed overhead struc- 
ture, 

a trolley movable along said track, 
a primary cable extending from beneath said trolley, 
a lightweight crossbar connected to the end of said 
primary cable, 

a' plurality of secondary cables connected to and ex- 
tending from said crossbar, 
support means for a test subject connected to each o.f 
said secondary cables, 

a horizontal walkway traversible by the test subject 
and inclined with respect to the vertical gravity 
vector of Earth so that the component of the gravity 
vector in the plane of subject movement along said 
walkway is equal to the desired magnitude of the 
simulated reduced gravity, 

said support means being so constructed and arranged 
as to permit planar locomotion of the test subject 
along said, walkway when supported thereby. 

3. A system for simulating one-sixtli gravity condi- 
tion for a test subject, comprising: 

an inclined walkway of predetermined length, 
a track parallel to and angularly positioned a distance 
above said walkway, 
a trolley movable along said track, 
a primary cable extending from said trolley, 
a lightweight crossbar connected to the end of said 
primary cable, 

a plurality of secondary cables connected to and ex- 
tending from said crossbar, 
a plurality, of supports for the test subject connected 
individually to said secondary cables, 
said supports and cables being so constructed and 
arranged as to effectively support five-sixths of the 
weight of said test subject and permit movement of 
the test subject along said walkway under a simu- 
lated one-sixth gravitational effect. 

4. A reduced gravity simulator for a test subject, 
comprising: 

an inclined plane walkway for the test subject, 
a fixed track being parallel to and disposed angularly 
a vertical distance from said inclined walkway, 
a movable trolley disposed upon said fixed track, 
suspension means for partially supporting the Weight 
of said lest subject, 

said suspension means including a plurality of elements 
to .engage the extremities, torso, and head of said 
test subject, • 

each of said elements being connected to individual 
cables; 

said individual cable being attached to a crossbar a 
distance from said test subject, 
a yoke connected to and extending from said crossbar, 
a primary cable leading from said yoke and secured 
to opposite ends of said movable trolley, 
whereby said test subject while in partially supported 
condition may- perform locomotive tasks along the 
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plane - of . said walkway under simulated reduced 
gravitational conditions. . : 

5. A reduced gravity simulator, comprising: I- . 

a trolley adapted to move along an overhead. track, 
‘a cable system secured to said trolley and movable 
therewith, 

said cable system terminating in a harness structure, 
said harness structure being so constructed and ar- 
ranged as to support the extremities, torso, and head 
of an occupant, 

a walkway surface so positioned as to permit occupant 
movement thereon by the harnessed occupant, 
said walkway surface being on an inclined plane rela- 
tive to the Earth’s surface and at a selected distance 
from directly beneath said trolley whereby, 
a portion of the occupant’s weight will be supported 
by the cable system with the remaining portion 
thereof supported by the inclined walkway to there- 
by simulate a reduced gravitational effect on move- 
ment by said occupant. 

6 . A reduced gravity simulator for a test subject, 
comprising: 

an inclined plane walkway for the test subject so con- 
structed and arranged to simulate a surface gravi- 
tational field less than that of the Earth’s surface, 
cable means for partially supporting the weight of said 
test subject so as to nullify a portion of the normal 
vertical gravity vector, 

a plurality of elements to engage .the head, torso, and 
extremities of said test subject, said plurality of 
elements each being connected to one end of said 
cable means, 

means for securing the other end of said cable means 
angularly a distance above said walkway, 
whereby said test subject while in partially supported 
condition may perform locomotive tasks along the 
plane of said walkway under simulated reduced ' 
gravitational conditions. 

7. A reduced gravity simulator as in claim 6 wherein 
said plurality of elements include: 

a protective helment adapted to be strapped beneath 
the chin of the test subject, 
a first body sling positionable beneath an armpit of 
the test subject and attached at opposite ends there- 
of to said cable means, 

a second body sling positionable about the hip and 
buttocks of the test subject and attached at opposite 
ends thereof to said cable means, 
a leg strap adapted to be tightly secured around' the 
calf of one leg of the test Subject, 
an angular rod in connection at one end thereof with 
said leg strap and connected at the other end there- 
of to said cable means, 

a leg sling positionable about the calf of the other leg 
of the test subject, 

said leg sling being attached at opposite ends thereof 
to said cable means, and 

supports for the arms of the test subject also in con- 
nection with said cable means. 

8. A reduced gravity simulator as in claim 7 wherein 
said supports for the arms include: 

an arm sling positionable about one forearm of the 

test subject, 

said arm sling being in connection at opposite ends 
thereof to said cable means, and 
means providing selective support for the ether arm 

of the test subject. 

9. A reduced gravity simulator as in claim .1 wherein 
said means providing selective support for the other aria 
of the test subject includes: 

a hand grasp rod secured at opposite ends there®* to 
said cable means and so constructed and arranged 
as to be selectively grasped by the test subject to 
provide support for said other ann. 

16. A reduced gravity simulator as in claim 7 wherein 
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said supports for the arms arc arm slings positionable 
about each forearm of the test subject. 

11 . A system for use in combination with, a test sub- 
ject -on Earth to simulate a gravity condition for said test 
subject less than one.G, comprising: 

fixed track means for -supporting a movable trolley, 
a trolley movable along said track means, 
body engaging support means for a test subject, 
cable means secured at one end thereof to said body 
engaging support mean's, 

the- Other end of said cable means being secured to 
said trolley, 

said trolley being- vertically spaced from said body 
engaging means at a predetermined angle thereto, 
a walking structure, for said test subject disposed ad- 
jacent said body support means, 
said walkway structure being parallel with and dis- 
placed angularly with respect to a vertical plane 
passing through the plane of movement of said 
trolley, 

ail inclined surface on said walkway structure as to 
permit movement thereon by said test subject when 
said test subject is supported by said support means, 
said trolley being simultaneously movable along said 
track means when said test subject moves along said- 
inclined walkway. 

12. A reduced gravity simulator comprising: 

means for supporting a test subject in a nearly hori- 
zontal attitude, said means being connected at one 
end to an overhead trolley and track system, 
an inclined walkway positioned- parallel with said track 
system adapted to be traversed by said test subject, 
said means for supporting the test subject permitting 
the individual appendages of the test subject to .be 
moved freely in essentially parallel planes to there- 
by permit substantially normal self-locomotive move- 
ment along said inclined walkway, 
said inclined walkway being displaced a predetermined 
distance from directly beneath said track system in 
such manner that only a portion of said test subject’s 
weight is directed onto said inclined walkway with 
the remaining portion thereof being supported by 


in said inclined walkway is at such an angle with respect 
to the vertical gravity vector so that the component of 
the gravity vector of a test subject in the plane of move- 
ment thcrealong is substantially equal to one-sixth Earth 
5 gravity to. thereby simulate the- gravitational condition 
anticipated on the lunar surface; 

14. A" reduced gravity simulator for testing the self- 
loeomotive. .capabilities of a test subject when subjected 
to a gravitational condition less' than that of the Earth, 
jO comprising: 

a support system, including individual and separate 
means for supporting the individual extremities, head-' 
and torso of a test subject, 

means for inclining the test subject in a predetermined 
15 , inclination plane with respect to the vertical gravity 
.vector, 

means permitting -self-loco.motion af the test subject 
and including the individual extremities thereof in 
essentially parallel planes normal to the inclination 
20 plane of the test subject when inclined, and 

means permitting simultaneous movement of said 
support system along a plane parallel to sad test 
subject as said test subject moves along said jrclined 
plane, whereby the component of the gravity vector 
25 in the plane -of subject movement is equal to the 
desired magnitude of a simulated reduced gravity. 
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said support means. 

13. A reduced gravity simulator as in claim 12 where- 
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